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1 

A process for the production of paper 
The present invention relates to a process for the production of paper and more 
particularly to a process which comprises adding to papennaking stock a branched acryl- 
amide-based polymer and an aluminium-containing silica sol. 
5 It is known in the papermaking art to use drainage and retention aids. Such 

additives are introduced Into the papemiaking stock in order to facilitate drainage and/or to 
increase adsorption of fine particles and additives onto the cellulosic fibres so that they are 
retained with the fibres. Hereby the productivity in the papermaking process can be 
considerably increased and the use of drainage and retention aids thus offers substantial 

1 0 economic benefits. 

Another important characteristic of the papennaking process is the formation of the 
paper sheet produced. Formation is determined by the variance in light transmission within a 
paper sheet, and a low variance indicates a good formation. The fomiation is afffected by 
several factors, for example the manner in which the fibres are distributed, arranged and 

15 mixed within the paper sheet. Good formation is thus aimed at in the papermaking process in 
order to optimize the optical properties of the paper produced. 

Small dosages of drainage and retention aids are generally beneficial to formation. 
However, even moderate dosages of drainage and retention aids may have an adverse 
effect on formation. As retention increases to a high level, the formation parameter may 

20 decline abruptly from good formation to poor formation. Poor formation give rise to deterio- 
rated paper quality and printability. Increased roughness of the paper surface is a further 
effect of poor formation which can have a negative impact on subsequent surface treatment 
such as coating. In addition, the problems of poor formation and hence deteriorated optical 
properties and printability may not be overcome by coating the paper since the result, 

25 normally, will not be as good as that obtained with paper produced under conditions resulting 
in good formation. 

U.S. Pat. Nos. 4.980.025 and 5.368.833 and European Pat No. 656872 disclose 
the use of cationic acrylamide-based polymers and aluminium-containing silica sols as stock 
additives in papermaking. These systems are among the most efficient drainage and 

30 retention aids now in use. 

According to the present invention it has been found that a combination of 
t>eneficial effects in terms of Improved formation and very high drainage and retention 
performance can be obtained when aluminium-containing silica sols are used in conjunction 
with branched acrylamide-tsased polymers as stock additives in papermaking. More specifi- 

35 cally. the present invention relates to a process for the production of paper from a suspension 
of cellulose-containing fibres, and optional fillers, which comprises adding to the suspension 
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a water-solubJe cationic or amphoteric branched acrylamide-based polymer and an anionic 
aluminium-containing silica sol. fonming and draining the suspension on a wire. The invention 
thus relates to a process as further defined in the claims. 

In comparison with processes employing the same type of aluminium-containing 
silica sol but using it in combination with linear acrylamide-based polymers, the process of 
the present invention renders possible producOon of a paper with improved fonnation at 
corresponding dosages of additives and improved fonnation at corresponding levels of 
retention, whereby the quality of the paper web or sheet produced can be improved while 
retaining the high retention performance. 

Water-soluble, cationic and amphoteric, branched acrylamide-based polymers 
which can be used acconjing to the invention are known in the art, for example from 
European patent application No. 374458 which is hereby incorporated herein by reference. 
The polymers can be prepared from monomers which are conventional in the preparation of 
amphoteric and cationic acrylamide-based polymers in combination with at least one 
branching agent. 

Examples of conventionally-used monomers for preparing cationic and amphoteric 
acrylamide-based polymers include acrylamide and derivatives thereof in combination with at 
least one ethylenically unsaturated cationic monomer and combinations of ethylenically 
unsaturated cationic and anionic monomers, respectively, and optional non-ionic monomers. 
Examples of suitable cationic monomers include diallyldimethylammonium chloride, acryioxy- 
ethyltrimethylammonium chloride and cationic monomers based on (meth)acry!ates and 
(metti)acrylamides of N,N-dialkylaminoalkyl compounds, e.g. quaternaries and salts thereof. 

The branching agent make it possible to impart a branched structure to the 
acrylamide-based polymer, e.g. by co-polymerization of a monomer mixture including a 
monomeric branching agent containing ethylenically unsaturated bond(s) and/or by reaction 
between other types of reactive group(s) present in a branching agent with reactive group{s) 
present In the acrylamide-based polymer during or after polymerization. Examples of suitable 
branching agents include compounds having at least two. and preferably two, ethylenically 
unsaturated bonds; compounds having at least one ethylenically unsaturated bond and at 
least one reactive group; and compounds having at least two reactive groups. Examples of 
suitable reactive grouf^ include epoxides, aldehydes, and hydroxyl groups. It is preferred 
that the branching agent is difunctional, i.e., that there are two groups of the type ethyleni- 
cally unsaturated bond and/or reactive group present in the branching agent. Preferably the 
acrylamide-based polymer contains, in polymerized fomi. at least one ethylenically unsatu- 
rated monomer functioning as a branching agent, and more preferably the branching agent 
has two ethylenically unsaturated bonds. 
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Examples of suitable monomeric branching agents containing two ethylentcally 
unsaturated bonds Include aikylene bis(meth)acrylamides. e.g. methylene bisacrylamide and 
methylene bismethacrylamide, diacrylates and dimethacrylates of mono-, di- and 
polyethylene glycols, ally!- and vinyl-functional (meth)acrylates and <meth)acrylamides. e.g. 
5 N-methyl allyiacrylamide and N-vinyl acrylamide/and divinyl compounds, e.g. divinyl ben- 
zene. Examples of suitable monomeric branching agents containing one ethyienically unsatu- 
rated bond and one reactive group include glycidyl acrylate, methylol acryiamide and 
acrolein. Examples of branching agents containing two reactive groups include glyoxal, 
diepoxy compounds and epichlorohydrin. 

10 The acrylamide-based polymer usually has a branching agent content of at least 4 

molar parts per million, based on the Initial monomer content used in the polymerization. 
Suitably the content is at least 8 and preferably at least 20 molar parts per million, based on 
the initial monomer content. The upper limit in respect of the branching agent content is 
suitably 200 and preferbly 100 molar parts per million, based on the initial monomer content. 

^ 5 The polyacrylamide used in the process preferably has a cationic charge. Suitable 

cationic polyacryiamides have a calionidty of from 2 to 45 mo!e%, i.e.. polymers prepared 
from 2 to 45 mole% of monomers which are cationic or rendered cationic during or after 
polymerization. Preferably, the cationicity is from 5 to 35 mole%. 

The molecular weight of the acrylamide-based polymer is suitably above 500,000. 

20 preferably above 3.000.000. The upper limit is usually 30,000,000 and suitably 25.000,000. 

The amount of acrylamide-based polymer added to the stock is usually at least 0.01 
kg/tonne and the upper limit is usually 30 kg/tonne, calculated as dry polymer on dry fibres 
and optional fillers. The amount is suitably from 0.02 to 15 &nd preferably from 0.05 to 8 
kgytonne. 

25 Aqueous aluminium-containing silica sols that can be used according to the present 

invention are known in the art. Preferably the sol contains anionic aluminium-modified silkMi 
particles, i.e. particles based on SIO2 or silidc acid containing aluminium. It is further 
preferred that the particles are colloidal, i.e. in the colloidal range of particle size. The 
particles suitably have an average size of less than about 20 nm and preferably an average 

30 size within the range of from about 1 to 10 nm. As conventional in silica chemistry, the size 
refers to the average size of the primary particles, which may be aggregated or non- 
aggregated. Examples of suitable aluminium-containing silica sols include those disclosed in 
U.S. Pat. Nos. 4,927,498, 4.961.825. 4,980.025, 5.176,891. 5,368.833, 5.470.435. and 
5.543,014. and European Pat. No. 656872, which are all incorporated herein by reference. 

35 The particles present in the sol should suitably have a specific surface area of at 

least 50 m^/g. The specific surface area can be measured by means of titration with NaOH in 
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known manner, e.g. as described by Sears In Analytical Chemistry 28(1956):12, 1981-1983 
and in U.S. Pat. No. 5.176.891. The given area thus represents the average specific surface 
area of the partides. Suitably, the specific surface area is at least 425 m^/g. preferably within 
the range of from 450 to 1700 m'/g and most preferably from 750 to 1000 m%. 

Prefeoed aluminium-containing silica sols according to the invention include sols 
containing particles of colloidal aluminium-modified silica and preferably such silica particJes 
which are surface-modified with aluminium. These particles are suitably modified with 
aluminium to a degree of from 2 to 25%. preferably from 3 to 20%. and hereby Is meant the 
part of aluminium atoms which have replaced silicon atoms in the surface of the particles. 
The degree of aluminium-modification is given in % and is calculated on the basis of 8 siianol 
groups per nm^ as described by Her. R.K. in Journal of Colloidal and Interface Science. 
55(1976): 1,25-34. 

According to a preferred embodiment of the invention, the aluminium-containing 
silica sol has an S-value in the range of from 8 to 45%. suitably from 10 to 40% and pre- 
ferably from 15 to 35%. The S-value of a sol conBsponds to the degree of aggregate or 
microgel fomiation and a lower S-value Is indicatative of a greater part of microgel. It is thus 
preferred that the sol used in the present process has a comparatively high content of micro- 
gel. It is assumed that the microgel, the aggregates, to a substantial extent is present in the 
fomti of two- or three-dimensional stnjctures of aggregated primary particles. The S-value can 
be measured and calculated as described by R.K. Her and R.L Dalton in J. Phys. Chem. 
60(1956). 955-957. Thus, in accordance with a particulariy preferred embodiment of the 
invention, the sol used has an S-value in the range of from 8 to 45% and contains silica 
particles having a specific surface area in the range of from 750 to 1000 mVg which are 
surface-modified with aluminium to a degree of from 2 to 25% substitution of silicon atoms. 
Sols of this type are disclosed in U.S. Pat. No. 5,368,833. 

According to another preferred embodiment of the invention, the sol used contains 
colloidal aluminium-modified silica with a high specific surface area, at least 1000 mVg and 
suitably in the range of from 1 000 to 1 700 m*/g. In the art. aluminium-containing silicas of this 
type are also referred to as polyaluminosilicate or polyaluminosilicate microgel, wrhich are 
both encompassed by the term aluminium-modified silica used herein. 

The amount of aluminium-containing silica sol added to the suspension is usually at 
least 0.01 kgftonne, often at least 0.05 kg/tonne, and the upper limit suitably is 5 kg/tonne, 
calculated as SiOa on dry fibres and optional fillers. The amount is preferably in the range of 
from 0.1 to 2 kg/tonne. 

Accoreling to the invention it is preferred to add the acryiamide-based polymer to the 
stock before the aluminium-containing silica sol, even if the opposite order of addition may be 
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useful. It is further preferred to add the first component, e.g. the polymer, before a shear 
stage, which can be selected for example from pumping, mixing, cleaning, etc.. and to add 
the second component, e.g. the sol. after said shear stage. The present process further 
encompasses split additions, e.g. using at least two positions for adding the polymer and/or 
at least two positions for adding the aluminium-containing silica sol, preferably with a shear 
stage between each addition. The pH of the stock can be in the range from about 3 to about 
10, The pH Is suitably above 3.5 and preferably in the range of from 4 to 9. 

In addition to the improvements observed in temns of fonnation. it has been found 
that improved sizing can be obtained when using a sizing agent in conjunction with the addi- 
tives according to the invention over additives comprising non-branched acrylamide-based 
polymers. Hereby lower levels of sizing agent can be used to give the same sizing response 
as compared to prior art processes and the present method thus offers further economic 
benefits. The sizing agent can be derived from natural sources, e.g. rosin-based sizing 
agents, and from synthetic sources, e.g. cellulose-reactive sizing agents such as ketene 
dimers and acid anhydrides, or any combination thereof. The use of such sizing agents are 
well-known in the art. Examples of suitable rosin-based sizing agents, ketene dimers and 
acid anhydrides are disclosed in U.S. Pat. No. 4,522,686. which is incorporated herein by 
reference. In the present process, it is preferred to use cellulose-reactive sizing agents such 
as alkyi ketene dimers and alkenyl succinic anhydrides, most preferably alkyl ketene dimers. 

When using a sizing agent in the process, the amount added to the suspension can 
be within the range of from 0.01 to 5.0% by weight and preferably from 0.02 to 1,0% by 
weight, calculated as dry on dry fibres and optional fillers, where the dosage is mainly depen- 
dent on the quality of the pulp, the sizing agent used and the level of sizing desired. The 
sizing agents are used in the fomri of aqueous dispersions containing at least one dispersing 
agent selected from anionic, nonionic, amphoteric and catlonic dispersing agents. It is pre- 
fen^ed that the aqueous dispersion is anionic or cationic. When being used in the process, the 
sizing agent, acrylamide-based polymer and aluminium-containing silica sol can be added to 
the stock In arbitrary order. 

According to a prefen-ed embodiment of the invention, use is made of at least one 
additional organk: polymer which can be derived from natural or synthetic sources. Examples 
of suitable naturally derived polymers include starches and guar gums. e.g. cationic and 
amphoteric starches and cationic and amphoteric guar gums. Examples of suitable synthetic 
polymers include any polymer acting as an anionic trash catcher (ATC). ATC's are known in 
the art as neutralizing and/or fixation agents for detrimental anionic substances present in the 
stock. Hereby ATC's can enhance the efficiency of the components used in the process. 
Suitable ATC's include cationic organic pdyelectrolytes. espedally low molecular weight. 
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highly Charged, cationic organic polymers such as polyamines. polyethylene imines homo- 
and copolymers based on diallyldimethyl ammonium chloride, (meth) acn^lamides and (meth) 
acrylates. Even if an arbitrary order of addition can be used, it is preferred to add such addi- 
tional polymers to the stock prior to the branched acrylamide-based polymer. 

According to another preferred embodiment of the invention, the process further 
comprises adding to the stock an aluminium compound. As is known in the art when using 
cationic or amphoteric polymers in combination wHh aluminium^ontaining silica sols as 
retention and drainage aids, further improvements of their effect can be obtained by 
introducing an aluminium compound into the stock. Examples of suitable aluminium 
compounds for this purpose include alum, aluminates. aluminium chloride, aluminium nitrate 
and polyaluminium compounds, such as polyaluminium chlorides, polyaluminium sulphates, 
polyaiuminium compounds containing both chloride and sulphate ions, polyaluminium 
sUicate-sulphates. and mixtures thereof. The polyaluminium compounds may also contain 
other anions than chloride ions, for example anions from sulfuric acid, phosphoric add. 
organic acids such as citric acid and oxalic acid. 

When using an aluminium compound in the process, the amount added to the 
suspenston is dependent on the type of aluminium compound used and on other effects 
desired from it. It is for instance well-known in the art to utilize aluminium compounds as 
precipitants for rosin^jased sizing agents, and polyaluminium compounds can also be used 
as ATCs. The amount should suitably be at least 0.001 kg/tonne, calculated as AI2O3 on dry 
fibres and optional fillers. Suitably, the amount is in the range of from 0.01 to 1 kgAonne, pre- 
ferably in the range from 0.05 to 0.5 kg/lonne. 

Further additives which are conventional in papemiaking can of course be used in 
combination with the additives according to the invention, such as for example dry strength 
agents, wet strength agents, optical brightening agents, dyes. etc. The cellulosic suspensfon. 
or stock, can also contain mineral fillers of conventional types such as. for example, kaolin. 
China clay, titanium dioxide, gypsum, talc and natural and synthetic calcium cartjonates such 
as chalk, ground martsle and precipitated calcium cartjonate. 

The process according to the invention is used for the production of paper. TTie terni 
paper as used herein of course indude not only paper and the production thereof, but also 
other sheet or wet>4ike products, such as for example board and paperboaid. and the pro- 
duction thereof. 

The process according to the invention can be used in the production of paper from 
different types of suspensions of cellulose-containing fibres and the suspensions should suit- 
ably contain at least 25% by weight and preferably at least 50% by weight of such fibres, 
based on dry substance. The suspensions can be based on fibres from chemical pulp such 
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as sulphate, sulphite and organosolv pulps, mechanical pulp such as thennomechantcal pulp, 
chemo-thermomechanical pulp, refiner pulp and grcundwood pulp, from both hardwood and 
softwood, and can also be based on recycled fibres, optionally from de-inked pulps, and 
mixtures thereof. 

5 The invention is further illustrated in the following Examples which, however, are not 

intended to limit the same. Parts and % relate to parts by weight and % by weight, respec- 
tiveiy, unless otherwise stated. 
Example 1 

The process acconding to the invention was evaluated in terms of formation which 

10 was measured and calculated in accordance with the method described by S. Frolich and K. 
Andersson in Svensk Papperstidning/Nordisk Cellulosa, 3(1995). 28-30 using a fibre optic 
sensor connected to a computor. In the method, the size, shape and density (porosity) of the 
flocs fomied in the stock are analyzed and a floe index is calculated. The floe index 
corresponds to the fonmatwn of the paper produced and a lower floe index indicates a better 

1 5 formation and improved paper quality, and vice versa. 

The stock used was based on 60:40 bleached birch/pine sulphate to which 0.3 g/1 of 
NaaSOvlOHjO was added. Stock consictency was 0.5% and pH 7.0. In the tests, use was 
made of various linear and branched catwnic acryiamide-based polymers, all of which had a 
catlonicity of 10 mole%, in conjunction with a sol of aluminium-modified silica of the type dis- 

20 closed in U.S. Pat. No. 5,368.833 which had an S-value of about 25% and contained silica 
particles with a specific surface area of about 900 m^/g which were surface-modified with 
aluminium to a degree of 5%. In the tests according to the Invention, use was made of a cat- 
ionic branched polyacrylamide containing in polymerized form^a monomer branching agent 
tieing methylene bisacrylamide. The content of branching agent was 50 molar parts per 

25 million, based on initial monomer content, and this polymer is hereinafter referred to as PAM 
50. In a comparative test, use was made of a conventional cationic linear polyacrylamide 
comprising no monomer acting as a branching agent This polymer is hereinafter referred to 
as PAM 0. 

Additions of chemteals were made to a baffled jar at a constant stining speed. The 
30 sensor. CWF, available from Chemtronics. Sweden, was immersed in the jar and the stock 
was allowed to pass through the sensor at a constant flow rate while the floe index was mea- 
sured and calculated. The tests were conducted as follows: i) adding acrylamide-based 
polymer to the stock followed by stim'ng for 30 seconds, ii) adding aluminium-modified silica 
sol to the stock foltowed.by stining for 15 seconds while measuring and calculating the floc 
35 index. The calculated floc index is the average value obtained from 2 to 10 seconds following 
the sol addition. The results of the tests are set forth in Table I below. 
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Table I 

Test 
no. 



8 



Sol dosage 
(kg/tonne) 



PAM-0 dosage 
(kg/tonne) 



PAM-50 dosage 
(kg/tonne) 
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Floe index 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 



0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 

0.55 



0,2 

0.35 

0.5 

0.7 

0.9 

1.05 

1.2 



0.2 

0.35 

0.5 

0.7 

0.9 

1.05 

1.2 



505 
605 
760 
935 
1305 
1465 
1625 
420 
435 
615 
875 
915 
1030 
1080 



As is evident from the table, the process according to the present invention using a 
branched polyacrylamide resulted In a substantially lower floe index, thereby indicating better 
formation and improved paper quality, as compared to the comparative process using a 
linear polyacrylamide. 
Exampte ? 

Retention properties of the processes of example 1 we're evaluated by means of a 
Britt Dynamic Jar at 1000 rpm. which is the conventional test method for retention in the 
paper industry. The same types of stock, polyacrylamldes. aluminium-modified silica sol and 
dosages as used in example 1 were used in these tests. Using the order of addition as 
defined above, the stock was drained 15 seconds following the sol addition for measuring the 
retention. The retention results obtained in the tests and the floe index values of example 1 
were recorded by means of a computer, the data were plotted as floe index (y) against 
retention (x) and a cun^e was adapted to the data points; y=16.6x^ « and correlation r2=o.94 
for the process according to the invention; y=13.4x^ <^ and R^a94 for the comparative 
process. The relations between retention and fomiation are further evident from table I!. 
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lablsJl 

Retention Floe index 

(%) PAM-0 PAM-SO 

"30 460 "420 " " 

5 40 621 552 

50 783 682 

60 947 812 

70 1112 940 

80 1277 1067 

1 0 Lower floe index values indicating better formation and improved paper quality were 

obtained with the process according to the invention over the comparative process at corre- 
sponding retention levels. 
Example 3 

The sizing efficiency of the process according to the invention was evaluated in this 

1 5 test- Paper sheets were prepared from the same stock as used in example 1 according to the 
standard method SCA^4-C23X for laboratory scale. In addition to the additives used In 
example 1. use was made of a cationic branched polyacryiamide having a cationidty of 10% 
containing in polymerized fomi methylene bisacrylamide, the content of which was 25 molar 
parts per million, based on initial monomer content. This polymer is hereinafter referred to as 

20 PAM 25. The sizing agent used was a cationic dispersion of alkyi ketene dimer. 

The order of addition were as follows: i) adding acryiamide-based polymer to the 
stock followed by stirring for 30 seconds, ii) adding ketene dimer to the stock followed by 
stirring for 1 5 seconds, iii) adding aluminium-modified silica -sol to the stock followed by 
stirring for 15 seconds, and iv) draining the stock to form paper. The dosages were as 

25 follows: 0.3 kg of polyacryiamide per tonne of dry stock, 0.8 kg of ketene dimer per tonne of 
dry stock, and 0.5 kg of silica-based sol, calculated as Si02 per tonne of dry stock. 

The sizing effidency was evaluated by means of the Hercules Size Test (HST) with 
test solution no. 2 (1% fomiic add) to 85% reflectance. The process according to the inven- 
tion using the branched potyacrylamides PAM 25 and PAM 50 resulted in HST values being 

30 60% and 90% higher, respectively, as compared to the HST value obtained with the compa- 
rative process using the linear polyacryiamide. 
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Claims 

1. A process for the production of paper from a suspension of cellulose containing 
fibres, and optional fillers, wherein an acrylamide-based polymer and an anionic aluminium- 
containing silica sol are added to the suspension and the suspension is fonned and drained 

5 on a wire, characterised in that the acrylamide-based polymer is a water-soluble, 
cationic or amphoteric, branched acrylamide-based polymer 

2. A process according to claim 1. c h a r a c t e r i s e d in that the acrylamide- 
based polymer contains a cfifundional branching agent. 

3. A process according to claim 1 or 2. characterised in that the acrylamide- 
10 based polymer contains in polymerized fomi a branching agent selected from alkylene 

bis(meth)acrylamides. di(meth)acrylates of mono-, di- and polyethylene glycols, allyl- and 
vinyl-functional (meth)acrylates and (meth) acrylamides, or divlnyl compounds. 

4. A process according to daim 1. 2 or 3. c h a r a c t e r i s e d in that the acryl- 
amide-based polymer has a branching agent content of from 8 to 100 molar parts per million, 

1 5 based on initial monomer content. 

5. A process according to any one of the preceding claims, characterised in 
that the acrylamide-based polymer has a molecular weight of at least 3.000.000. 

6. A process according to any one of the preceding claims, characterised in 
that the acrylamide-based polymer is a cationic polymer. 

20 7. A process according to any of the preceding daims. characterised in that 

the acrylamide-based polymer and a sol containing anionic aluminium-modified silica 
partides having an average size within the range of from about 1 to about 10 nm are added 
to the suspension. ; 

8. A process acconding to daim 1 or 7. c h a r a c t e r i s e d in that the sol contains 
25 particles having a specific surface area of at least 425 m^/g. 

9. A process according to daim 1.7 or 8, characterised in that the sol has 
an S-vaJue in the range of from 8 to 45% and contains partides with a specific surface area 
within the range of from 750 to 1000 m^/g. 

1 0. A process according to any one of the preceding daims. characterised 
30 in that it comprises adding a sizing agent to the suspension 

1 1 . A process acconding to daim 10. c h a r a c t e r i s e d in that the sizing agent is 
a ketene dimer. 



1 



I>rrERNATIONAL SEARCH REPORT 


International application No. 




PCT/SE 96/01442 



A. CLASSIFtCATION OF SUBJECT MATTER 



IPC6: D21H 17/45. D21H 21/10 

Accordine to Iniamational Paicni Claacification (IPC) or to both national clagsification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (clanincaiton system followed by clas$irtcation symbols) 

IPC6: D21H 

Documentation searched other than minimum documentation to the extent that such documenu are included in the fields searched 

SE,DK,FI,NO classes as above 

Blectrontc data base consulted during the inLernational search (name of data base and, whert practicable, search Urms used) 



CLAIMS, JAPIO, PAPERCHEH. WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Dialog Information Services, file 240, PAPERCHEM, 

Dialog accession no. 0597465. Paperchera accession 
no. 66-17465, Shin, J. H. et al : "Application of 
Highly Branched Polymer to the Microparticle Reten- 
tion Systems"; & J. TAPPIK 27, no. 2: 16-22 (1995) 



US 5393381 A (RENE HUNG ET AL). 28 February 1995 
(28,02.95) 



1-11 



EP 0374458 A2 (AMERICAN CYANAMID COMPANY). 

27 June 1990 (27.06.90), claim 1-2, page 6, 
37-40 i 



1-11 



1-11 



1 ines 



I y j Further documents are listed in the continuation of Box C. | )( | See patent family annex. 



* Special caiegories of cite<l documenu: 

'A* document deriaing (he gcocr^ stale of the art wtiich is ooi axuidered 

to be of parucular nlavaaec 
'E' crtter document but pt^isbed oo or after the uitemational flUag date 

'L* document which may throw doubts on priority claim(s) or which is 
cited to establish the puUtcatioa djto of another citatioa or other 
spedal reason (as sped (led) 

'O' document rcfenrins to an oral disdosure, use, csdubittoa or other 



'P* document publiifaed prior to tbe international ftling date but later than 
the prionty date daUned 



T* later document pubUsbed after the Interaanonat nUng date or pnority 
date and not in cooAict with the appiicatioa but cited to underAand 
tbe principle or theory underlying the invenbon 

*X' document of particular relevance the ciaimed tnvcniion cannot be 
considered ao«el or caooot be ooosidered to iavolvc an inveatiw 
step when the document is taken alone 

'Y* document of particular relevance: the datousd inventioo caonot be 
considered to tavotve aa inventive step when the document ii 
combined with one or more other such docunnenCs, such combination 
being obvious to a person skilled in the art 

'St' document member of the same patent family 



Date or the actual completion of the international search 

12 Februarv 1997 


Date of mailing of Ihe international search report 

2 8 -02- 1997 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. 3-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 


Authorized omcer 

Barbro Nils son 

Telephone No. +46 8 782 25 00 



Form PCrr/tSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



InLernaiional applicatton No. 

PCT/SE 96/01442 



C (ContinuarionX DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of documeni, with indication, where appropriate, of the relevant 



passages 



EP 0357574 A2 (EKA NOBEL AKTIEBOLAG). 7 March 1990 
(07.03.90), claim 1,3,6, page 2. lines 37-42 



WO 9405595 Al (EKA NOBEL AB), 17 March 1994 
(17.03.94), the claims 



Relevant to daim No. 



1-11 



1-11 



Form PCT;1SA/210 (conUnuuion of tccond »heel) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Inrormation on patent family members 



28/10/96 



Iniernationat appUcaiion No. 
PCT/SE 96/01442 



Pauni document 
cited in se&rch report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US-A- 



5393381 



28/02/95 



CA-A- 

DE-D.T- 

EP-A.B- 

SE-T3- 

R-A.B- 



2097127 
69302221 
0574335 
0574335 
2692292 



EP-A2- 



0374458 



27/06/90 



SE-T3- 

AT-T- 

AU-B- 

AU-A- 

CA-A- 

DE-D,T- 

ES-T- 

JP-A- 

LT-A- 

LT-A- 

LT-B- 

LT-B- 

LV-B- 

RU-C- 

RU-C- 



0374458 
118224 
623717 
4688689 
2005680 
68921053 
2067517 
2219887 
1576 
1578 
3618 
3694 
10964 
2026867 
2040528 



EP-A2- 0357574 



07/03/90 



SE-T3- 

AU-B- 

AU-A- 

CA-A- 

OE-D,T- 

ES-T- 

JP-A- 

JP-B- 

PT-B- 

SE-B.C- 

5E-A- 



0357574 
605997 
4084089 
1334324 
68911626 
2048323 
2099692 
2521539 
91611 
467627 
8803065 



WO-Al- 



9405595 



17/03/94 



AUH3- 
AU-A- 
CA-A- 
CN-A- 
CZ-A- 
EP-A- 
FI-A- 
JP-T- 
NO-A- 
NZ-A- 
PL-A- 
SE-C- 
SE-A- 
ZA-A- 



665651 
4988293 
2141550 
1089675 
9500495 
0656871 
950585 
8500573 
950737 
255616 
307681 
501216 
9202501 
9306355 



12/12/93 
10/10/96 
15/12/93 

17/12/93 



15/02/95 
21/05/92 
21/06/90 
19/06/90 
01/06/95 
01/04/95 
03/09/90 
26/06/95 
26/06/95 
27/12/95 
26/02/96 
20/06/96 
20/01/95 
25/07/95 



24/01/91 
29/03/90 
14/02/95 
07/04/94 
16/03/94 
11/04/90 
07/08/96 
31/05/95 
17/08/92 
02/03/90 



11/01/96 
29/03/94 
17/03/94 
20/07/94 
14/02/96 
14/06/95 
10/02/95 
23/01/96 
27/02/95 
26/09/95 
12/06/95 
12/12/94 
01/03/94 
25/03/94 



Form PCT/ISA/210 (patent family annex) (July 1992) 



